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LIQUID FILM INTERFACE COOLING CHUCK
FOR SEMICONDUCTOR WAFER PROCESSING

TECHNICAL FIELD

The present invention relates to a cooling system for
semiconductor wafer testing and more particularly, a
liquid film interface chuck for clamping and cooling a
semiconductor wafer during manufacturing processing.

CROSS-REFERENCE

This Patent Application is related to U.S. patent ap-
plication Ser. No. 691,628, entitled “Liquid Film Inter-
face Cooling System for Semiconductor Wafer Process-
ing”, now U.S. Pat. No. 5,088,006, which was filed
concurrently on April, 1991, and which 1s assigned to
the same assignee as this Patent Application, and the
disclosure of which is incorporated herein by reference.

BACKGROUND ART

The high cost associated with manufacturing inte-
grated circuits dictates that defective devices be diag-
nosed and dealt with as early as possible in the manufac-
turing line. For this reason, it 1s highly advantageous to
test integrated circuits at 1 the wafer level before fur-
ther processing and packaging. Circuits are tested on
wafers by first clamping the wafer to a chuck and then
placing highly sophisticated probes in contact with the
circuit devices. These probes must utilize pressure in
order to make adequate electrical contact to test the
devices, and therefore may apply forces up to 100 psi
onto the wafer. Once probe contact is made, the circuits
are tested for both functionality and power integrity.
Large scale integrated circuits may have to be tested at
power levels in excess of 100 watts, which consequently
generates a tremendous amount of heat build up in the
chips.

The chucks which clamp wafers during the afore-
mentioned testing process must provide structural sup-
port for the wafer in order to withstand the pressure
from the test probe, hold the wafer in place, achieve and
maintain specified chuck temperatures, and provide
heat sinking capability to maintain the wafer within the
thermal specifications.

A popular way of cooling 1Cs for testing in the prior
art was to dice the wafer up into single chips, mount the
chips onto substrates and then test the chip while uttliz-
ing a variety of methods to conduct heat away from the
substrate to which the chip was mounted. Applications
for this type of approach can be found in U.S. Pat. Nos.
4,920,574 (Yammamoto, et al.), 4,897,762 (Daikoku, et
al.) and 4,942,497 (Mine, et al.). The techniques dis-
closed in these patents are unfavorable, though, because
they require processing beyond the wafer stage of the
manufacturing process before testing can begin.

Another technique utilized to cool integrated circuits
during manufacturing test is to spray a high volume of
liquid against the back side of the chip during the test-
ing. Typical systems which utilize this techmque are

disclosed in U.S. Pat. Nos. 4,750,086 (Mittal); and 60

4,967,832 (Porter). These systems have also proven to
be unfavorable, though, because of the high rate of
water which 1s required for the cooling and also because
probe pressures must be kept at an absolute minimum
due to the lack of structural support for the wafer.

In another testing environment, vacuum and electro-
static clamping are also utilized to hold wafers to
chucks, thereby creating a dry interface between the
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wafer and chuck. The chuck itself is then cooled in
some manner to provide heat transfer from a chip
through the chuck. The dry film interface in these sys-
tems represents a high thermal resistivity which se-
verely limits the amount of testing which can be per-
formed to the wafer due to the fact that high power
chips produce high localized heat build-up on the wafer
itself. In some of these dry interface systems, a dry gas
such as helium is injected between the wafer and the
chuck to help provide a better heat conductor. It is
difficult, however, to reduce the thermal resistance of
these dry interface chucks below 1.1°C./watt thermal
resistivities.

A clamping and cooling system for high power inte-
grated circuit test at the wafer level which overcomes
the above mentioned deficiencies is, therefore, highly
desirable.

DISCLOSURE OF THE INVENTION

The object of the present invention is to provide a
chuck for clamping a semiconductor wafer that pro-
vides adequate clamping, support, and temperature
control and stability for circuit test at the wafer level.

Another object of the present invention is to provide
for a universal chuck which is light weight and can be
utilized in multiple test circuit environments.

Yet another object of the present invention is to pro-
vide for a chuck which provides single chip testing
capabilities.

According to the present invention, a liquid fiim
interface chuck assembly includes a two piece chuck,
having a clamping section and support section, which
are connected to a cooling liquid control system. The
clamping section of the chuck has two surfaces: a top
surface which has shallow spiral groove circuits ma-
chined therein for providing a liquid interface between
the top of the chuck and the wafer; and, a bottom sur-
face having a parallel double Archimedian spiral ma-
chined therein for circulating a cooling liquid. The
support section of the chuck supports the clamping
section and has a flat top for interfacing with the bottom
surface of the clamping section and a bottom surface
having radially directed ribs machined therein for pro-
viding structural support. A chiller system provides
temperature regulated liquid through the channels on
the bottom surface of the first piece of the chuck. The
liquid interface between the chuck and the wafer is
maintained by a liquid circulating system which in-
cludes a source vessel maintained at atmospheric pres-
sure and a collection vessel maintained at house vacuum
pressure for drawing liquid through the wafer/chuck
interface.

The present invention drastically decreases the ther-
mal resistance between the wafer and the chuck by
wetting the entire backside of the wafer with a uniform
liquid. The present invention provides a high clamping
force to the wafer which is necessary for probing. The
present invention provides the ability to constantly
circulate and replenish the liquid film, thus preventing it
from heating up and evaporating. The liquid film is held

~ exclusively to the back surface of the wafer during test,
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thus preventing it from leaking to the front side of the
wafer or to adjacent product and equipment. The pres-
ent invention facilitates quick and effective removal of
the film once the testing has been completed 1n order to
prevent the liquid from migrating to the front surface of
the wafer or to adjacent product equipment. The pres-
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ent invention provides the ability to supply positive
pressure between the wafer and the chuck after the test
cycle in order to overcome the tendency of wafers to
stick to chucks. The present invention is light weight
and easily meets wafer stepper weight requirements. In

addition, it is possible to circulate and control the flow
and temperature of the coolant and the interface liquid

of the present invention through a pre-programmed
cycle in an automatic function, to thereby minimize
operator interaction.

These and other objects, features and advantages of
the present invention will become more apparent in
light of the detailed description of exemplary embodi-
ments thereof, as illustrated by the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional, isometric view of the
chuck of the present invention clamping different size
wafers, which are shown partly cut away.

FIG. 2 is a top isometric view of the clamping section
~ of the chuck of the present invention.
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FIG. 2A is an exploded, top isometric view of the

inner cooling circuits of the clamping section of the
chuck of the present invention.

FIG. 3 is a bottom isometric view of the clamping
section of the chuck of the present invention.

FIG. 4 is a bottom isometric view of the support
section of the chuck of the present invention.

FIG. 5 is a simplified isometric view of the cooling
system for the chuck of the present invention.

FIG. 6 is a simplified schematic block diagram of the
clamping/cooling system which provides hiquid to the
chuck of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring now to FIG. 1, the chuck assembly 10 of
the present invention includes a clamping section 12 and
a support section 14. The top surface 16 of the clamping
section 12 is designed to support three different size
semiconductor wafers and/or chips. Large size wafers
20 medium sized wafers 22 and single chips (not shown)
can be clamped by the present invention.

Both the clamping section 12 and the support section
14 are machined copper plates. The top surface 18 of
the support section 14 is plated with a tin/lead composi-
tion, such as 90/10 to 95/05. The two sections 12, 14 are
thereby soldered together by clamping the two pieces
together and heating them to an appropriate tempera-
ture, such as 315 degrees C.

The top surface 16 of the clamping section 12 has
several sets of grooves and vias machined therein as will
be described in greater detail hereinafter. The bottom
surface of clamping section 12 has cooling channels
machined therein. These cooling channels will also be
described in greater detail hereinafter.

The top surface of support section 18 is flat for seal-
ing the cooling channels of the clamping section 12 and
the bottom surface of support section 14 has radia!l rib-
bing machined into it. The purpose of the support sec-
tion 14 ribbing is to reduce the weight of the chuck 10
without sacrificing structural integrity.

Referring now to FIG. 2, the top surface 16 of clamp-
ing section 12 has at least three independent liquid inter-
face cooling circuits machined therein in order to ac-
commodate at least two different sizes of semiconduc-
tor wafers plus a single semiconductor chip. These
three circuits comprise an outer circuit 30, a middle
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circuit 32, and an inner circuit 34. The number of cool-
ing circuits is variable and dependent on the intended
use of the chuck.

Referring now to FIG. 2A, an exploded view of the
center of the top side 16 of clamping section 12 1llus-

trates the inner most cooling circuit 34.
Referring now to FIG. 2, the outer circuits 30, 32 are

spiral in shape while the inner most cooling circuit 34 1s
square in shape. Liquid is provided to these cooling
circuits through input vias 36, 40 and 44 and withdrawn
from the circuits through vias 38, 42 and 46, respec-
tively. The vias are machined through both clamping
section 12 and support section 14 in order to provide
liquid to the cooling circuits 30-34 from the backside of
support section 14. The vias 36-46 are located at the
innermost end and the outermost end of each cooling
circuit. The cooling system of the present invention is
designed to have the cooling liquid travel from the
inside of each circuit to the outside of each circuit as
will be described in great detail hereinafter.

Sealing grooves 50, 52 also machined into the top

surface 16 of clamping section 12, for providing a seal

around the outside of wafers when either of the larger

cooling circuits 30, 32 are utilized. Vacuum access t0

these sealing grooves 50, 52 from the bottom of support
section 14 is provided by vias 51, 53.

Operation of the clamping and cooling function of
the top surface of clamping section 12 for a large wafer
(a wafer having a diameter greater than the diameter of
sealing groove 50) is as follows. A wafer is placed and
centered onto the top surface 16. Once the wafer 1s In
place, house vacuum (about 24 psi below atmosphere) 1s
provided through via duct 51 to sealing groove S0 to
thereby pull the wafer towards the chuck and provide a
seal around the outside of the wafer. Liquid is then
provided to the innermost vias 36, 40, and 44 of the
three cooling circuits. The outermost vias 38, 42, and
46, respectively, are provided with house vacuum. The
pressure drop across each of the cooling circuits causes
transmission of the fluid from the inner vias to the re-
spective outer vias of each cooling circuit by two ways.
The first is that fluid travels along the provided spiral
ducts or channels. The second manner in which fluid
travels is across the plateaus between the spirals of the
ducts through the thin vertical gap created between the
wafer and the top surface 16. The force which provides
this fluid travel is primarily capillary action created by
the close proximity of the wafer to the top surface 16
and the pressure differential between the inner and out
vias. This capillary action consequently provides a fluid
interface between the wafer and the chuck over most of
the top surface 16 of the clamping plate 12.

The relationship between the width of the grooves,

the depth of the grooves, the pitch (spacing between the

grooves), and the diameter of each spiral of the grooves
is critical for creating the aforementioned capillary
action. In the present invention it was found that about
a 0.03" wide and 0.02"-0.03" deep groove, with about a
0.10” pitch were suitable for creating capillary action
and, consequently, providing a uniform liquid film in-
terface between the wafer and the chuck. It is therefore
preferable to provide cooling circuits with a depth-
/width/pitch ratio of about 1/1.2/4. 1t is also important
that the time required for fluid to travel by capiliary
action from groove to groove be less than the time it
takes for fluid to travel along the length of the groove
for each concentric spiral. This 1s in particular most
critical at the early stages of fluid transmission, because
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the diameter of the inner spirals is less than the diameter
of the outer spirals.

For example, with reference to FIG. 2A, at the begin-
ning of fluid transmission through the middle cooling
circuit 32 (of FIG. 2), fluid will travel up via 40 and
along the innermost loop 54. Fluid will also travel by
way of capillary action across the interface between the
innermost loop 54 and the second loop S§5. It 1s impor-
tant that fluid travel across this interface, for instance, at
point 56 on reference line §7 before the fluid travelling
along the groove goes from point 58 in innermost loop
54 to point 60 in the second loop 55. As long as the fluid
transmission by capillary action proceeds faster than the
fluid transmission along the groove, air pockets be-
tween the wafer and chuck will be prevented.

Another critical parameter for proper capillary ac-

tion is the flatness of the top surface 16 of clamping
section 12. Clamping section 12 of the present invention
is manufactured from copper and is ground with a 32
microinch RMS finish, although a 32-64 microinch
RMS finish is acceptable. The section 12 1s then gold
plated to provide corrosion protection which ensures
good long term thermal contact.
- It is to be noted that the fluid transfer on the top
surface 16 of clamping section 12 provides two func-
tions. These are: a) mechanically clamping the wafer;
and b) cooling the wafer by providing a low thermal
resistance interface. |

Referring now to FIG. 3, the bottom surface 64 of
clamping section 12 has a double Archimedian spiral
machined therein for providing back side cooling to the
top surface. A standard endmil 3:1 width to depth ratio
of grooves is suitable for the backside double spiral.
This configuration is preferable because only one tight
turn is necessary for the entire circuit, thereby minimiz-
ing fluid resistance. The backside cooling fluid 1s intro-
duced into the circuit via an inlet duct 66 and exits
through an exit duct 68. Another advantage of the Ar-
chimedian double spira} backside cooling circuit config-
uration of the present invention is that the inlet duct and
the exit duct are located in the same vertical plane. This
provides for easier packaging of the chuck assembly 10.
The vias 36, 38, 40, 42, 44, 46, 51, 53 for providing fluid
to the top surface 16 of the clamping section 12 are

machined through selected walls of the double spiral
structure.

Referring now to FIG. 4, the support section 14 for
the chuck assembly 10 has a flat top surface for interfac-
ing with the bottom surface of the clamping section 12
and a ribbed bottom surface 70 for providing structural
“support to the chuck assembly 10. A plurality of ribs 72
extend radially from the center with an inner ring 74
preventing flexing of the radial ribs. A plurality of ports
76 provide a means for transferring fluid to and from the
top surface 16 of the clamping section 12. The ribbed
configuration of the support section 14 minimizes
weight, yet provides adequate structural support for the
tremendous amounts of pressure applied by test probes.

Prior to installation of the via ducts 76, the support
section 14 is plated with a tin/lead composition. The via
ducts are installed and the support section 14 is clamped
to the clamping section 12. The assembly is then heated
to about 315° C., thereby soldering the support section
14 to the clamping section 12.

The system for providing the cooling liquids to the
chuck assembly 10 is provided by a cooling control
system 80, which is comprised of a pair of water chil-
lers/heaters 82, a pair of temperature control units 84, a
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circulator controller 86, and an interface controller 88.
Although two water chillers/heaters 82 and tempera-
ture control units 84 are utilized in the present inven-
tion, only one of each might be necessary for a particu-
lar application.

The main component of the circulator controller 86 1s
a circulating pump 90 which pumps cooling liquid via
lines 92 and 94 to the back side cooling circuit of clamp-
ing section 12. The cooling liquid in the line 92 1s con-
nected to the duct 66 shown in FIG. 3 and the outlet
line 94 is connected to the outlet duct 68 of FIG. 3. The
circulator controlier 86 circulates water around a loop
from the water chillers 82 to the chuck 10 and back
again. This flow of water can be continuous.

The interface controller 88 controls the interface
fluid provided to the top surface 16 of the clamping
section 12. The main components of the interface con-
troller 88 are a set of collection and source vessels 100,
a programmable logic controller (PLC) 102, and a set of
control valves 104. | |

Operation of the cooling liquid control system 80 1s as
follows. As previously mentioned, the circulator con-
troller 86 continuously circulates water around the
double spiral channel of the bottom side of the clamping
section of chuck 10 and through the chillers 82. Chillers
82 and the temperature control unit 84 maintain this
liquid at a constant temperature. The interface control-
ler 88 is utilized to provide the wafer/chuck interface
liquid to the top side of the clamping section of chuck
10.

Referring now to FIG. 6, the interface controlier 88
includes a source vessel 110 and a collection vessel 112.
Liquid in the source vessel is maintained at atmospheric
pressure and the collection vessel is maintained under a
partial vacuum at house vacuum pressure which is typi-
cally 24 psi below atmospheric pressure. The pressure
differential between the source vessel 110 and the col-
lection vessel 112 causes the fluid contained therein to
flow through the aforementioned cooling circuits 30,
32, 34. The output fluid from source vessel 110 1s pro-
vided through a line 113 to an input control valve 114.
The opening and closing of input control valve 114 is
controlled by an input control (1C) signal provided on a
line 116. The output of the input control valve 114 is
provided through a line 117 to a four-way control valve
118, which has two other inputs, one being an atmo-
spheric line 120 which is connected to the atmosphere,
and the other a pressurized line 122 (labelled PSIG)
which is connected to a pressurized source to provide
clean compressed air or gas at about 6 PSIG. The four-
way control valve is controlled by a four-way control
(FWC) signal provided on a line 124. The output of the
four-way control valve 118 is provided on a line 126 and
i1s split three ways and provided to a large wafer control
valve 128, a medium wafer control valve 130 and a
single chip control valve 132. The large wafer control
valve is controlled by a large wafer control (LWC)
signal provided on a line 134. The medium wafer con-
trol .valve is controlled by a medium wafer control
(MWC) signal provided on a line 136 and the single chip
control valve 132 is controlled by a single chip control
(SCCO) signal provided on a line 138. The output of the
single chip control valve 132 is provided to via line 36
of the chuck 10 as shown in greater detail in FIG. 2A.
The output of the medium wafer control valve 130 is
provided to via line 40 of chuck 10 and the output of the
large wafer control valve 128 is provided to via line 44
of chuck 10, all of which are shown in greater detail in
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FIGS. 2 and 2A. The fluid provided by source vessel
110 and flowing through valves 114, 118, 128, 130 and
132 is circulated on the top surface 16 of the clamping

section 12 and output by via lines 38, 42 and 46. Output
line 38 is connected to a singie chip output control valve

140 which is controlled by a single chip output control
signal (SOC) provided on a line 141. Output line 42 1s
connected to 2 medium wafer output control valve 142
which is controlled by a medium wafer output control
signal (MOC) provided on a line 143. Output line 46 1s

connected to a large wafer output control valve 144

10

which is contolled by a large wafer output control sig-

nal (LOC) provided on a line 145. The outputs of the
output control valves 140, 142, 144 are connected to a
line 146 which is connected to the collection vessel 112.

Sealing grooves 50, 52 are connected to via lines 150
and 152, respectively. Seal line 150 is connected to a
medium seal control valve 158, which is controlled by a
medium seal control (MSC) signal provided on a line
160. The output of the medium seal control valve 158 1s
provided to the collection vessel 112 via a line 162. The
large seal line 152 is connected to a large seal control
valve 164, which is controlled by a large seal control
(LSC) signal provided on a line 166. The output of the
large seal control valve 164 is provided to the collection
vessel 112 via a line 168.

The control signals 116, 124, 134, 136, 138, 146 160
and 166 are provided by a processor (not shown) which
effectuates a pre-programmed cooling sequence to op-
erate the wafer cooling operation.

The operation of the interface controller 88, as effec-
tuated by the processor, for a large wafer (i.e., 200 mm)
is as follows. A large wafer is placed on the top surface
of chuck 10 and the large seal control valve 164 is
opened thereby providing a vacuum to the seal duct 50
shown in FIG. 2 and sealing outside portion of the
wafer. Next, the input control valve 114, the four-way
control valve 118, the single chip control valve 132, the
medium wafer control valve 130, the large wafer con-
trol valve 128, and the three output control valves 140,
142, 144 are all opened. The four-way control valve 124
is opened so as to allow liquid from line 117 to be passed
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to line 126. Consequently, liquid from source vessel 110 -

is allowed to flow up through all of the aforementioned
cooling circuits onto the chuck, circulate through these
circuits and be collected by the collection vessel 112.
The result is a liquid interface between the wafer and
the top surface 16 of the chuck 10. The wafer is then
ready for the test cycle and is tested by an automatic
tester (not shown). After testing is completed, the input
control valve 114 is closed and the four-way control
valve 118 is opened to the atmosphere. This allows most
of the liquid between the wafer and the top surface 16 to
be sucked into the collection vessel 112. After a prede-
termined amount of time, (which is enough time to
adequately remove most of the liquid under the wafer),
the output control valves 140, 142, 144 and the large
seal control valve 164 are closed. The four-way control
valve 118 is then opened to the PSIG source 122 and a
positive pressure is provided to the bottom of the wafer
to thereby push the wafer off the chuck and allow for
easy removal. After removal of the wafer the chuck is
ready for placement of another wafer and the cycle is
repeated.

The above-mentioned cycle s identical for medium
sized wafers (i.e. 125 mm) and single chip devices, with
the exception that for medium sized wafers, the large
wafer control valve 128 and the large wafer output
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control valve 144 always remain closed and the medium
seal control valve 158 is utilized rather than the large
seal control valve 164 for sealing the outer edge of the

wafer. For single chip testing, the large wafer control
valve 128, the large wafer output control valve 144, the

medium wafer control valve 130, the medium wafer
output control valve 142, the medium seal control valve
158 and the large seal control valve 164 are always
closed.

Flow sensors may be connected in series with various
fluid lines, such as 113 and 126 in order to provide real
time monitoring of the functioning of the system.

It is to be noted that the use of negative pressure to
provide for circulation of the liquid coolant has an in-
herent safety feature whereby if there is a failure of any
component of the liquid cooling system, fluid simply
stops flowing through the circuits and is not dispersed
outside of the wafer.

In addition, the chuck clamping/cooling system 80
may be run in a “dry” mode wherein no liquid is pro-
vided at the wafer/chuck interface. To run the system
in this dry mode, the same operating sequence as de-
scribed hereinbefore is followed, except valve 114 re-
mains closed at all times.

Although the invention has been shown and de-
scribed with exemplary embodiments thereof, it should
be understood by those skilled in the art that the forego-
ing and various other changes, omissions and additions
may be made therein and thereto without departing
from the spirit and scope of the invention.

We claim:

1. A chuck for clamping a substrate comprising:

a top having at least one liquid interface circuit means
disposed thereon for providing a liquid interface
between the substrate and said top when the sub-
strate is disposed on said top, and further wherein
said liquid interface circuit means is comprised of:

a spiral shaped groove disposed on said top having a
depth/width/pitch ratio on the order of 1/1.2/4.

2. A chuck for clamping a substrate comprising;:

a top having at least one liquid interface circuit means
disposed thereon for providing a hquid interface
between the substrate and said top when the sub-
strate 1s disposed on said top, and further wherein
said liquid interface circuit means is comprised of:

a spiral shaped groove disposed on said top having a
width on the order of 0.03 inches, a depth on the
order of 0.25 inches and a pitch on the order of 0.10
inches.

3. A chuck for clamping a substrate having an outside

diameter, said chuck comprising:

a top having at least one liquid interface circuit means
disposed thereon for providing a liquid mterface
between the substrate and said top when the sub-
strate is disposed on said top, the at least one liquid
interface means having an outside diameter, and
wherein said top is further compnsed of circular
sealing groove means having a diameter greater
than the outside diameter of said hquid interface
means and lesser than the out51de diameter of the
substrate.

4. A chuck for clamping a substrate comprising:

a top having at least one spiral shaped groove means
disposed thereon, for providing a hiquid interface
between the substrate and said top when the sub-
strate is disposed on said top;

first input means for delivering liquid to said spiral
shaped groove means;
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first output means for providing a means for said

liquid to exit said spiral shaped groove means; and,

a bottom for transferring heat away from said top,
having a spiral shaped channel means for circulat-
ing fluid hydraulically separate from the at least
one spiral shaped groove means, a second input
means for delivering said cooling fluid into said
channel means, and a second output means for

~ providing a means for said cooling fluid to exit said
channe! means.

5. A chuck for clamping a substrate according to
claim 4, wherein said spiral shaped channel means 1s
comprised of:

a plurality of parallel, Archimedian spiral shaped

- channel means for circulating said cooling fluid 1n
a spiral motion.

6. A chuck for clamping a substrate comprising:

a top having at least one spiral shaped groove means
disposed thereon, for providing a liquid interface
between the substrate and said top when the sub-
strate is disposed on said top;

first input means for delivering liquid to said spiral
shaped groove means;

first output means for providing a means for said
liquid to exit said spiral shaped groove means; and,

a bottom for transferring heat away from said top,
having a spiral shaped channel means for circulat-
ing fluid, a2 second input means for delivering said
cooling fluid into said channel means, and a second
output means for providing a means for said cool-
ing fluid to exit said channel means, and further

-~wherein said spiral shaped groove means has a
~ depth/width/pitch ratio on the order of 1/1.2/4.

7. A chuck for clamping a substrate compnsing:

a top having at least one spiral shaped groove means
disposed thereon, for providing a liquid interface
between the substrate and said top when the sub-
strate is disposed on said top;

first input means for delivering liquid to said spiral
shaped groove means;

first output means for providing a means for said
liquid to exit said spiral shaped groove means; and,

a bottom for transferring heat away from said top,
having a spiral shaped channel means for circulat-
ing fluid, a second input means for delivering said
cooling fluid into said channel means, and a second
output means for providing a means for said cool-
ing fluid to exit said channel means, and further
wherein said spiral shaped groove means has a
width on the order of 0.03 inches, a depth on the
order of 0.25 inches and a pitch on the order 0of 0.10
inches.

8. A chuck for clamping a substrate having an outside

diameter, said chuck comprising:

a clamping section having a top surface and a bottom
surface, the top surface having at least one liquid
interface circuit disposed thereon and adapted for
providing a liquid interface between the substrate
and said clamping section when the substrate is
disposed on the top surface, the liquid interface
circuit having an outside diameter, the top surface
of said clamping section further having at least one
circular sealing groove disposed thereon and
adapted for releasably clamping the substrate to the
top surface when the substrate i1s disposed on the
top surface, the sealing groove having a diameter
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large than the outside diameter of the hiquid inter-
face circuit and lesser than the outside diameter of
the substrate.

9. A chuck as recited in claim 8, wherein the at least
one liquid interface circuit comprises at least one spiral
shaped groove disposed on said clamping section hav-
ing a depth/width/pitch ratio on the order of 1/1.2/4.

10. A chuck as recited in claim 8, wherein the at least
one liquid interface circuit comprises at least one spiral
shaped groove disposed on said clamping section hav-
ing a width on the order of 0.03 inches, a depth on the
order of 0.25 inches and a pitch on the order of 0.10
inches.

11. A chuck as recited in claim 8, further comprising

a support section attached to the bottom surface of

said clamping section.

12. A chuck as recited in claim 8, further wherein the
bottom surface of said clamping section includes a
means adapted for circulating a cooling fluid to transfer
heat away from the top surface of said clamping section,
the heat transferring means further being separate from
the at least one liquid interfacing circuit.

13. A chuck as recited in claim 12, still further
wherein the cooling fluid circulating means comprises a
spiral shaped channel for circulating the cooling fluid,
ana input means for delivering the cooling fluid into the
channel, and an output means for providing an exit for
the cooling fluid out of the channel. o

14. A chuck as recited in claim 12, wherein the at
least one liquid interface circuit comprises at least one
spiral shaped groove disposed on said clamping section
having a depth/width/pitch ratio on the order of
1/1.2/4.

15. A chuck as recited in claim 12, wherein the at
least one liguid interface circuit comprises at least one
spiral shaped groove disposed on said clamping section
having a width on the order of 0.03 inches, a depth on

the order of 0.25 inches and a pitch on the order of 0.10
inches. -

16. A chuck as recited in claim 12, further comprising

a support section attached to the bottom surface of
said clamping section.

17. A chuck for clamping a substrate, the substrate
having an outside diameter of at least one of several
predetermined outside diameters, said chuck compris-
ing:

a clamping section having a top surface and a bottom
surface, the top surface having hquid interface
circuits disposed thereon and adapted for provid-
ing a liquid interface between the substrate and said
clamping section when the substrate i1s disposed on
the top surface, the liquid interface circuits each
respectively having one of several different outside
diameters, the top surface of said clamping section
further having circular sealing grooves disposed
thereon respectively corresponding to the hqud
interface circuits and adapted for releasably clamp-
ing the substrate to the top surface when the sub-
strate is disposed on the top surface, the circular
sealing groove each having a respective outside
diameter larger than the outside diameter of a cor-
responding liquid interface circuit and lesser than a
corresponding outside diameter of the substrate
being clamped.
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